A reliable HPLC method coupled with DAD detection was developed and validated for determination of majdine in Vinca herbacea. The chromatographic separation was carried out on a Symmetry C 18 column (250 mm x 4.6 mm, 5 µm, Waters) with an isocratic solvent system of 25 mM potassium phosphate buffer (pH=3.0)-acetonitrile. UV detection was performed at 225 nm. Good linear behavior over the investigated concentration range was observed with the value of r 2 > 0.9978. The method was reproducible with intra-and inter-day variations of less than 4.38%. The proposed method was linear, accurate, precise and specific. The validated method was successfully applied to quantify majdine in various parts of V. herbacea, which was collected during the flowering months of April and May. The results indicated that the developed HPLC method could be used for the quality control of V. herbacea and for the standardization of its extracts in majdine.
Vinca herbacea Waldst. and Kit. (Apocynaceae) is a flowering plant native to eastern and southeastern Europe, from south Austria to Greece and east to the Crimea, and also in southwestern Asia east to the Caucasus, especially in the eastern part of Georgia. V. herbacea is an herbaceous perennial plant growing as a trailing vine, growing up to 10-20 cm in height.
The anticancer compounds vinblastine and vincristine are present in V. rosea leaves, thus investigations of Vinca species became very interesting. Previous phytochemical studies have reported the presence of alkaloids in various parts of V. herbacea: akuamicine, akuamine, herbaine, hervine, herbaline, herbaceine, lochnerine, norfluokurarine, 11-methoxytabersonine, tabersonine, reserpine, reserpinine, isoreserpinine, vincamine, vincaherbine, and vincaherbinine. The alkaloids belonging to the oxindole group, such as majdine, isomajdine and carapanaubine, were detected in leaves and roots of V. herbacea. Majdine has been shown to be the major alkaloid in the roots and leaves during the period of flower formation. [1] [2] [3] [4] [5] [6] [7] .
The pharmacological activity of the total alkaloids of V. herbacea has been investigated. They markedly reduced blood pressure for an extended period [8] . Also, the blocking action of V. herbacea on neuromuscular synapses has been studied. Intravenous injection of total alkaloids in doses greater than 8 mg/kg was able to induce a curare-like action in rabbits and cats [9] . Similarly, a mixture of alkaloids named Vinherbine, has been shown to produce spasmolytic effects in Guinea pig ileum preparation.
Pharmacological studies have demonstrated that these alkaloids also possess cardio stimulating and antiarythmic activity [10] [11] [12] [13] . The bacteriostatic effect of the alkaloids has been tested on Staphylococcus aureus and Escherichia coli. The indole alkaloids were shown to be the most active [14] . In addition, recent pharmacological experiments have revealed that majdine and isomajdine were responsible for apoptotic and antioxidant activity [15] .
Majdine is one of the main alkaloids in the plant. Based on pharmacological studies, majdine has been selected as the chemical marker of V. herbacea. Therefore, the quantification of this alkaloid is necessary to evaluate the quality of this species. No analytical method has been reported in the literature for alkaloid quantification in V. herbacea. Thus, the development of an analytical method is necessary for the quality control of the plant.
HPLC methods have been reported for indole alkaloids such as vincamine. Mostly, mobile phases with buffer are used for determination of these alkaloids [16, 17] . The aim of this study was the development and validation of a HPLC-DAD method for the quantification of majdine ( Figure 1 
The separation conditions were optimized to achieve satisfactory resolution. Various reversed phase columns such as Symmetry C18, SunFire C18 and Atlantis C18 were tested. The optimal separation of leaf extract was obtained with a Symmetry C 18 column (250 mm x 4.6 mm, 5 µm, Waters). The effect of mobile phase was also examined. In initial experiments, mixtures composed of methanol and water acidified with acetic acid (pH=3.0) in different ratios were tested. This mobile phase led to bad resolution and an unstable baseline. Satisfactory separation was obtained with a mobile phase consisting of 25 mM potassium phosphate buffer-acetonitrile in a ratio of 8 /2, v/v. A pH value of 3.0 was selected for the optimal separation of the compound in the extracts; the pH was adjusted with orthophosphoric acid. The retention time of majdine was observed at 15.6 min. Measurement at 225 nm displayed sufficient sensitivity and a satisfactory chromatographic baseline.
In the present study, quantification with an internal standard was used because majdine was not commercially available. Several alkaloids, such as palmatine, berberine, caffeine, papaverine, quinine and chelidonine, were tested as internal standard. Among the alkaloids, papaverine was chosen because it was stable, commercially available and displayed a suitable chromatographic retention time. The chromatogram showed complete baseline separation of papaverine (2) and majdine (1) in V. herbacea (Figure 2 ).
The method was validated according to the ICH guidelines on the validation of analytical methods. The specificity was investigated. HPLC chromatogram of the sample solution revealed no interference with majdine and other compounds in the extract of V. herbacea. The peak purity was verified using Agilent Chemstation software.
The calibration curves were plotted by correlating the area ratio (y = majdine/internal standard) versus the corresponding concentration ratio (x = majdine/internal standard). Assay results of majdine standard (0.006-0.019 mg/mL, n=15) were linear within the studied concentration range. The regression equation was y = 1.5812 x -0.0221, and the correlation coefficient (r 2 ) 0.9978.
The intra-day (3 days, n=6) and inter-day precisions (n=18) were assessed on dried leaves of V. herbacea. The data obtained for the repeatability were: day 1 = 12.2% (RSD % = 5.1), day 2 = 11.4% (RSD % = 3.7), day 3 = 12.0% (RSD % = 4.3). The intermediate precision was 11.9 %, RSD % = 5.3%. The mean recoveries of majdine ranged from 94.4 (+ 0.1) to 105.9 (+ 0.1)%. The limit of quantification and the limit of detection were 13 ng/mL and 65 ng/mL, respectively.
The validated HPLC-DAD method was applied to the determination of majdine in extracts from different parts of V. herbacea collected during the flowering period ( Table  1 ). The concentration varied significantly according to the different plant parts. The highest content (11.9%) was found in the leaves, which are considered to be the best raw material.
The content of majdine was also studied during two consecutive months of the flowering period. Important variations were noted between April and May. The content of the leaves was four times higher in May than in April, and forty times higher in the stems. The best harvesting period for the leaves seems to be in May. These results could be completed by analyzing samples from different locations of Georgia and collected at different periods to confirm these first results.
The proposed HPLC-DAD method is simple, linear, accurate, precise and specific. The validation procedure confirmed that the method afforded reliable analyses of majdine. Finally, the developed method has been applied successfully to quantify majdine in different parts of the plant.
Experimental
Plant material: Different parts (leaves, roots, stems) of Vinca herbacea were collected in Shiraki, East Georgia in Grigolava (Institute of Pharmacochemistry, Tbilisi, Georgia) and a voucher specimen n° 9 (120) was deposited in the herbarium of the Institute of Pharmacochemistry. The freshly picked parts were air dried at room temperature for 3 weeks and kept in the dark until chemical analysis. The samples were ground to a fine powder before analysis.
Chemicals and reagents:
HPLC grade acetonitrile and other solvents of analytical grade were purchased from Carlo Erba (Val de Reuil, France). Potassium dihydrogen phosphate was purchased from Fluka (Saint Quentin Fallavier, France). Ultrapure water (18,2M) for HPLC analysis was obtained from an Elga purelab Classic purification system (Elga, France). Papaverine hydrochloride was purchased from Sigma (ref P3510, purity ≥ 98%). Majdine was isolated from Vinca herbacea and the purity, determined by HPLC, was 98%.
Chromatographic conditions:
The HPLC system consisted of an Agilent Technologies Model 1100 liquid chromatograph, equipped with a vacuum degasser, a quaternary pump, an autosampler and a photodiode array detector (DAD). The system was piloted by Chemstation computer software. The chromatographic separation was achieved using a Symmetry C18 column (250 mm x 4.6 mm, 5 µm, Waters). The isocratic mobile phase was composed of 25 mM phosphate buffer (pH=3.0, adjusted with orthophosphoric acid) and acetonitrile (8/2, v/v). The mobile phase flow rate was 1mL/min. The injection volume was 20 μL. UV spectra were recorded in the range 200-400 nm for all peaks. Quantification was carried out at a single wavelength of 225nm.
Standard preparation:
A stock solution containing 0.425 mg/mL of internal standard in methanol was used. Standard stock solution of majdine was prepared in methanol to give a final concentration of 0.163 mg/mL. A series of working solutions (n=5) was prepared in order to obtain various concentration levels (0.006-0.019 mg/mL). The appropriate volume of stock solution of majdine was introduced to a 25 mL volumetric flask, 1 mL of internal standard solution was added, and the volume was adjusted to 25.0 mL with the mobile phase. The final concentration of papaverine in each standard solution was 0.017 mg/mL. All prepared standard solutions were filtered through 0.45 µm membrane filter (Millipore, ref HVPL04700) before HPLC analysis.
Sample preparation: Powdered plant material (100 g) was moistened with water alkalinized with ammonia (100/5, v/v). The material was macerated for 4 h and then percolated with methylene chloride at room temperature. Liquid/liquid extraction was performed with 2N HCL. The aqueous layer was alkalinized with ammonia (28%) and extracted with methylene chloride. The organic layer was collected and evaporated to dryness to yield the total alkaloids (0.4%). Ten mg of the total alkaloids was introduced to a 100 mL volumetric flask and solubilized in the mobile phase. Afterwards, 1.0 mL of the internal standard solution was added to obtain a final concentration of 0.017 mg/mL of papaverine, and the final volume was adjusted to 100.0 mL with the mobile phase. Then, 2 ml of each solution was filtered through a syringe filter (0.45 mm Millipore) into a HPLC vial.
Validation and assay:
A validation procedure was performed to check the performance of the chromatographic technique. The method was validated on a leaf extract of V. herbacea according to the ICH guidelines [18] . The specificity was performed by comparing the UV spectrum and retention time of majdine in the sample preparation and the reference compound solution. The linearity of the HPLC method was evaluated by analyzing 5 different concentrations of majdine standard solutions. Each concentration was assayed in triplicate. The limits of detection and quantification were considered to be the concentrations that produced signalto-noise ratios of 3:1 and 10:1, respectively.
The precision of the method was evaluated with respect to both intra-and inter-day precision. Intra-day precision was calculated from the analysis of 6 sample solutions, which were prepared independently on the same day. Inter-day precision was evaluated by replicating the procedure on 2 consecutive days, The standard deviation and RSD (relative standard deviation) values were calculated for each day.
The accuracy of the method was evaluated using the recovery test. This involved the spiking of known quantities of majdine standard solutions into the tested samples. The standard solutions were prepared at 3 concentration levels (50,100 and 150%). At each level, samples were analyzed in triplicate according to the established chromatographic conditions.
